In recent years the relation between exposure to silica dust, silicosis, and lung cancer has received increased attention. Goldsmith et a/. 1 hypothesized that silica was itself a lung carcinogen or co-carcinogen or that silicosis was an intermediate stage in the carcinogenic process. The International Agency for Research on Cancer 2 advised in 1987 that there was sufficient animal evidence and 'limited' human evidence for an association between silica and cancer. Since then, several epidemiological studies have reported on this association and most observed a significant excess risk for lung cancer among workers exposed to silica and silicotics, with a risk ratio of about 2.00. 3 " 12 However, many study cohorts did not compare those with and those without silicosis and so the role of silica in lung cancer remains unclear.
This study used patients with silicosis to measure the risk of lung cancer and silicosis related diseases. In (AISC) in co-operation with a further 21 institutes initiated a retrospective cohort study including 47 metallurgical mines or plants in different parts of China. Its purpose was to determine the risk of lung cancer among silicotics.
MATERIALS AND METHODS
The study cohort consisted of 4372 males with diagnosed silicosis and alive before 1 January 1980 from 47 mines or industrial plants. These were mainly iron ore mining, ore-sintering (concentrating low grade iron ore into enriched ore), refractory brick manufacturing, iron and steel smelting and steel casting facilities. The selection and radiographic classification of silicosis among the cohort members was based on the 1963 Chinese Ministry of Public Health (CMPH) diagnostic standard for pneumoconiosis. The follow-up period was 10 years from 1 January 1980 to 31 December 1989.
Demographic and employment history information for the members of the cohort was obtained through interview, periodic health examination records (these data came from the health institute of each facility) and the personal records at each enterprise. All deaths included in the study were determined from the medical archives relating to silicosis in each institute and the records of death used for funeral compensation at each plant or mine. The information on the cause of death Members of the cohort who were employed in coking plants, oil refineries, etc. were excluded because working in these industries may have exposed them to other highly carcinogenic agents such as polyaromatic hydrocarbons, tar, etc.
The standardized mortality ratios (SMR) and 95% confidence intervals (CI) were estimated according to the method described by Monson. 13 The SMR were calculated by comparing age-and cause-specific mortality rates with those of the national population as standard.
To determine the relation between silica dust exposure, silicosis and lung cancer, we measured the risk ratios of selected cancers among silicotics from different occupations (including iron ore mining, ore-sintering, refractory silica-and clay-brick manufacturing, iron and steel smelting, and steel casting) and activities within the industries, by years since silicosis diagnosis, years of exposure to silica dust, and smoking status.
RESULTS
The distribution of person-years (PY) and vital status of the cohort by occupation is given in Table 1 . During the 10-year follow-up period, 974 (22.3%) died, 3297 (75%) survived, and 101 (2.3%) were lost to follow-up. The 4271 silicotics provided 38 665 person-years of follow-up and 235 developed cancer. Table 2 shows the observed and expected numbers of deaths and the SMR for selected causes of death. There were statistically significant excess SMR for all causes of death (SMR = 122, P < 0.01), all cancers (SMR = 118, P < 0.01), and diseases of the respiratory and circulatory system (SMR = 116, P < 0.01). The significant excess for all cancers was mainly due to lung cancer (SMR = 237, P < 0.01), and for the diseases of the respiratory and circulatory system mainly due to chronic bronchopneumonia, pneumonia and pulmonary heart disease (SMR = 223, P < 0.01) and pulmonary tuberculosis (SMR = 292, P < 0.01). Table 3 shows the observed numbers of deaths and SMR for silicotics who died of cancer by occupation and radiological category. All-cancer mortality among silicotics who worked in iron ore mining (SMR = 127, P < 0.01) showed a statistically significant excess, while increased all-cancer mortality in the other occupations did not reach statistical significance. The significant excesses for all cancers were mainly seen for workers involved in transport (SMR = 203, P < 0.01) and pit props (SMR = 204, P < 0.05 ) in iron ore mines, and in silica brick manufacture (SMR = 160, P < 0.01) in refractory brick plants (including silica-and claybrick manufacturing). It is interesting that the all-cancer excess in each occupation was predominantly due to excess lung cancer. In all occupations except casting (SMR = 157, P > 0.05), the SMR were >200 and were highly statistically significant, P < 0.01. The lung cancer mortality of each occupational category (except for others) in iron ore mining and silica brick manufacturing showed statistically significant excesses. The SMR for the category 'others' was >115 but did not reach statistical significance.
Among the silicotics without tuberculosis, all-cancer mortality was significantly increased (SMR = 123, P < 0.01), mainly due to increased lung cancer (SMR = 235, P < 0.01). Among silicotics who also had pulmonary tuberculosis, observed numbers of deaths were close to those expected (SMR = 104, P > 0.05). However, of particular note is the significant excess mortality from lung cancer (SMR were 235 and 240 respectively) among both silicotics and silicotics with pulmonary tuberculosis. For those with simple silicosis, lung cancer SMR by radiological category were: 224 for category I, 264 for category II and 161 category III. Among silicotics with category III, 174 cases died in all during the 10-year follow-up period. Of these, 10 cases died of lung cancer (average age at death, 59.45 years). Sixty-three cases (36%) who were younger than this average age died of 'other' causes of death (not including all cancers), of these 36 were silicotics with pulmonary tuberculosis. Table 4 gives the SMR for lung cancer by years since diagnosis of silicosis, years of exposure to silica, and smoking status. Lung cancer mortality among the silicotics in these categories was statistically significantly increased, except for those who had been diagnosed as silicotic at least 25 years earlier.
Significant excess lung cancer mortality was demonstrated for both smokers (SMR = 257 for the total cohort, P < 0.01, SMR = 223 for those who worked in refractory brick plants, P < 0.01) and non-smokers (SMR = 209 for the total cohort, P < 0.01, SMR = 209 for those who worked in refractory brick manufacture, P < 0.01). The SMR of smokers was 48% greater than for non-smokers. DISCUSSION It is known that the common causes of death for silicotics are chronic bronchopneumonia, pneumonia, pulmonary heart disease and pulmonary tuberculosis. In agreement with this our study indicated that in the total cohort, there was statistically significant excess allcancer mortality (mainly lung cancer), chronic bronchopneumonia, pneumonia and pulmonary heart disease, and pulmonary tuberculosis ( Table 2 ). The mortality rates were 607.78, 866.42 and 271.56 per 100 000 person-years respectively.
Although many studies have been published since Goldsmith et al. ' and IARC 2 proposed hypotheses for the relation between silica, silicosis and lung cancer, the nature of the association is still a controversial issue in the field of occupational medicine. The substances of the controversy focuses mainly on the following points: (1) the possibility of confounding by other industrial carcinogens, e.g. polycyclic aromatic hydrocarbons, asbestos, radon daughters and arsenic, and smoking; (2) it is unclear whether the excess lung cancer risk among non-smokers is due to silica dust exposure or silicosis; (3) there are contradictory reports about the relation between the severity of silicosis and the risk of lung cancer.
According to most studies, there was low to moderate excess lung cancer risk (RR = 2.00) among workers exposed to silica. 3 " 12 However, in many studies, those exposed to silica dust were not analysed separately for silicotics and non-silicotics. In one study from China, significant excess mortality from lung cancer was found among refractory brick manufacturing workers. After subdividing the cohort into silicotics and non-silicotics, the excess was found to be confined to the silicotics. 12 This observation is similar to that from a US study which followed 367 silicotics and 9543 non-silicotics." These observations support the hypothesis that silica acts as a carcinogen through silicosis, however, a further study indicated that silicosis did not increase lung cancer risk. 14 Our study among silicotics showed statistically significant excess risk for lung cancer (SMR = 237, P < 0.01, Table 2 ) at a level similar to those found for lung cancer in silicotics by Amandus et al. u and Depu Dong.
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There was statistically significant excess lung cancer mortality in all occupations except for steel casting. Statistically significant excess deaths from lung cancer, compared with the national population, were seen for those employed in transport and pit props in iron ore mining and in silica brick manufacture in refractory brick plants (Table 3) .
Possible exposure to radon, benzene, and many other carcinogens could not be completely excluded for iron ore mining, smelting and casting, although exposure to radon in iron ore mining in China is known to be low. Potential exposure to these carcinogens in refractory brick manufacture is considerably less likely, however, lung cancer mortality as a result of exposure to these carcinogens cannot be completely discounted and the hypothesis of silicosis as intermediate in carcinogenisis cannot be ignored.
Lung cancer mortality among silicotics, with or without pulmonary tuberculosis, was significantly increased (Table 3) . For those without pulmonary tuberculosis the lung cancer SMR did not display increasing risk with increasing the severity of fibrosis. This could be the result of the other causes of death competing with lung cancer among the silicotics in category III. Of the 174 deaths in category III silicotics, 63 (36%) died of causes other than cancer and at a younger age than the average age of the 10 lung cancer deaths in this category. Hence, the weight of the causes of death competing with lung cancer in this group can be considered 36%.
Our study has shown that silicosis increased lung cancer risk and this rose with increasing severity of fibrosis. However the significant excess lung cancer risk was independent of increasing time since diagnosis and years of exposure to silica dust.
Smokers and non-smokers showed statistically significant excess risk for lung cancer both in the total cohort and in those involved in refractory brick manufacture, although the risk for smokers was 48% greater (Table 4) . Therefore, the hypothesis that silicosis is an intermediate stage in carcinogenisis should not be overlooked although smoking is a confounding factor. CONCLUSION This study confirmed that among silicotics there were significant high risks for all cancers (mainly lung cancer), chronic bronchopneumonia, pneumonia and pulmonary heart disease, and pulmonary tuberculosis. For lung cancer, there was a modest excess risk for the entire cohort.
When dividing the silicosis cohort into the different occupations, significant excesses of lung cancer mortality were seen for all except steel casting. When categorized by activity, in iron ore mining the larger excesses were seen in those employed in transport and at the pit face, and in the refractory brick plants mainly in those employed in silica brick manufacture.
When the data were analysed according to years since diagnosis of silicosis and years of exposure to silica dust, the lung cancer risk among the silicotics was independent of these variables. When analysed according to the severity of silicosis, the lung cancer risk rose with increasing the category of fibrosis.
Mortality among both smoking and non-smoking silicotics was significantly increased. Although smoking is a confounding factor, silicosis also increased the risk of suffering from lung cancer.
